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Description 

Device and method for regulating a transmission moment of 
5 a continuous transmission signal 

The invention relates to a device for controlling the 
transmission time of a continuous transmission signal, in 
particular of a transmission signal in a radio station. 
10 The invention also relates to a method for controlling 
the transmission time of a continuous transmission 
signal . 

In radio communications systems, for example the second 

15 generation European Mobile Radio System GSM (Global 
System for Mobile Communication), information (speech, 
images or other data) is transmitted via a radio 
interface with the aid of electromagnetic waves. The 
radio interface relates to a connection between a base 

20 station and one or more subscriber stations, in which 
case the subscriber stations may be mobile stations or 
fixed-position radio stations. The electromagnetic waves 
are in this case emitted at carrier frequencies which are 
in a frequency band specified for the respective system. 

25 Frequencies in the frequency band around 2000 MHz have 
been provided for future radio communications systems, 
for example the UMTS (Universal Mobile Telecommunications 
System) or other third generation systems. Two modes are 
envisaged for this third mobile radio generation, with 

30 one mode being referred to as FDD (Frequency Division 
Duplex) operation, and the other mode being referred to 
as TDD (Time Division Duplex) operation. Both modes 
support a so-called CDMA subscriber separation method 
(Code Division Multiple Access) . 
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in the case of radio stations, particularly in the case 
of mobile stations for digital mobile radio, which, for 
example, support the GSM or UMTS standard, one major 
precondition is the capability to set the transmission 
time of the transmission signal. This is necessary in 
order to comply with the time references specified in the 
respective Standard. 


200201792WO - 2 - 

For example, the transmission time of a mobile station is 
determined by the base station to which the mobile 
station has been synchronized. The transmission time of 
the mobile station is in this case corrected with respect 
5 to the data received from the base station. No 
information may be added to or removed from the 
transmission signal during the correction of this 
transmission time. This is associated with the 
requirement that only relatively minor corrections may be 
10 carried out to a symbol to be transmitted, and that large 
sudden time changes during the correction of the 
transmission time of the transmission signal must be 
avoided. 

15 Furthermore, the rate of change with which a correction 
must be carried out is specified in the respective 
Standard, and must be complied with during the 
correction. In order to match the transmission time of 
the transmission signal to the nominal transmission time 

20 as well as possible, it is necessary to minimize the 
phase fluctuations in the signals, for example the 
so-called jitter, which refers in general to phase 
fluctuations . 

25 German Laid-Open Specification DE 198 58 358 Al discloses 
a method for time synchronization of radio stations in a 
radio communications system, in which case the radio 
stations may be base stations or moving mobile stations. 
The matching between the radio stations is carried out 

30 alternately. A second radio station receives 
transmissions from at least one first adjacent radio 
station via a radio interface. This second radio station 
uses the received transmissions to determine a reception 
time, and compares this reception time with the 

35 transmission time of its own transmissions. The result of 
the comparison is transmitted as synchronization 
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information to the first radio station, which once again 
matches its own 
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transmission time to the transmission time of the second 
radio station, in the sense of the received 
synchronization information . 
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This method is complex, and both the transmission time 
and reception time must be changed and taken into account 
in each of the radio stations. 

5 A further method for synchronization of the timebase of a 
receiving unit to the timebase of a transmitting unit in 
a telecommunications device is known from German 
Laid-Open Specification DE 195 25 426 CI. The receiving 
unit and the transmitting unit may each be a base station 

10 or a mobile station, and may be used for signal 
transmission. The base station and mobile station 
timebases, which are generally not the same as one 
another, are continuously synchronized while a connection 
is in existence, in order to neutralize this discrepancy. 

15 The transmitting unit transmits synchronization data, for 
example a synchronization word, for clock recovery, and 
data for synchronization of the receiving unit, in each 
channel time slot of a transmission frame in a data burst 
to the receiving unit. The data received in the receiving 

20 unit is compared until the correct synchronization data 
is identified. The actual synchronization bit contained 
in the received synchronization word is determined, and 
its position is compared by means of a comparator with 
the nominal synchronization bit, which is used as a 

25 reference bit in the receiving unit. If the two bit 
positions differ, the comparator produces an error 
signal. An error counting unit, which is connected 
downstream from the comparator, counts the error signals 
in a predetermined time period, which is governed by the 

30 clock frequency for data burst transmission, and by the 
number of counting steps of a frame counting device. The 
time sequence of the error signals that are determined is 
a measure of the difference between the timebases of the 
receiving unit and of the transmitting unit. The 

35 receiving unit uses the number of stored error signals to 
produce a 
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correction signal, which is used for synchronization 
during reception during a connection, or during a 
connection interruption in the event of reception 
failure . 
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The synchronization of the timebases of the receiving 
unit and of the transmitting unit in the known method is 
relatively complex, and relatively inaccurate. 

5 The invention is based on the object of providing a 
device and a method of the type mentioned initially, in 
which the transmission time can be synchronized easily, 
highly accurately and highly reliably. 

10 This object is achieved by a device which has the 
features of patent claim 1, and by a method which has the 
steps of patent claim 9. 

A device according to the invention for controlling the 
15 transmission time of a continuous transmission signal, 
that is to say of a signal without a data burst, in a 
transmitting/receiving unit, in particular a transmission 
signal from a radio station, has a correction unit which 
produces an output data signal. This correction unit is 
20 electrically connected to a downstream sequence control 
unit, which produces a working clock signal which is 
applied to a downstream counter unit. The counter unit 
generates an actual transmission time signal. A. control 
device, which is connected downstream from the counter 
25 unit, uses the actual transmission time signal and an 
external nominal transmission time signal to produce a 
correction signal, which is applied to the correction 
unit in order to correct the actual transmission time. 

30 This means that the transmission time can be set highly 
accurately and highly reliably. A further advantage is 
that the absolute transmission time can be set 
independently of the receiver assembly in the 
transmitting/receiving unit, explicitly only in the 

35 transmitter assembly of the transmitting/receiving unit. 
Likewise, no readjustment of the frequency 
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of the system oscillator which is specified in accordance 
with the transmission standard is required, so that 
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there is no need for a change both to the transmission 
times and to the reception times of the signals, and 
there is hence no need for any change relating to this in 
the receiver. 

5 

In one preferred exemplary embodiment, the control device 
has a comparator unit, to whose inputs the actual 
transmission time signal and the nominal transmission 
time signal are applied, and the comparator unit output 
10 signal is a difference signal which contains information 
about the discrepancy between the two transmission times. 
It is particularly advantageous for the comparator unit 
to be designed as a subtractor, for example as a 
comparator . 

15 

One particularly advantageous refinement is characterized 
in that the control device has a control unit, in 
particular a microprocessor, which is connected 
downstream from the comparison unit, with the difference 
20 signal being applied to one input of the control unit, 
and with the control unit producing the correction signal 
as an output signal. 

This means that the correction speed can be set such that 
25 the correction is carried out within the time period 
specified by the respective standard, for example, UMTS. 
Furthermore, this makes it possible to match the data 
stream to be transmitted, that is to say the transmission 
signal, as accurately as possible and with as little 
30 jitter as possible to the nominal transmission time, 
which is used as a reference and is known from the data 
received from another radio station, for example a base 
station. A further advantage is that this makes it 
possible to correct the actual transmission time without 
35 any large sudden time changes, so that only small 
portions of a symbol to be transmitted are corrected. 
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The correction unit is preferably a fractional sampling 
rate converter unit with a variable conversion ratio. 
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In another advantageous embodiment of the invention, the 
correction unit is followed by a D/A converter, to one of 
whose inputs the clocked output data signal is applied, 
and to another of whose inputs a sampling clock signal 
5 from a sampling clock source is applied. The D/A 
converter produces the analog transmission signal as an 
output signal. 

The upstream control unit, which produces exclusively the 
10 correction signal for the correction unit and thus does 
not influence the working clock of the D/A converter, 
means that the output clock from the D/A converter is 
virtually jitter-free, so that the transmission spectrum 
of the analog transmission signal complies with the 
15 requirements in the respective standard. 

A further preferred refinement is characterized in that a 
signal processing unit is connected downstream from the 
counter unit and from the sequence control unit, is 
20 connected upstream of the correction unit and produces a 
transmission signal . 

The control device may have a time control unit, which is 
connected upstream of the comparator unit and transmits 
25 the external nominal transmission time signal to the 
comparator unit. A periodic start signal, whose period 
duration is defined by the respective radio signal, for 
example UMTS or GSM, is thus predetermined by this time 
control unit. 

30 

The apparatus has a number of clock domains, that is to 
say subsystems in the entire device which in general 
operate using different clocks and are thus not 
necessarily synchronized to one another. For example, the 
35 control device is operated with a clock which is 
predetermined by the period duration of the nominal 
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transmission time signal by means of the time control 

unit. The device is simple, has little complexity, and 

is advantageously designed such that it can operate 
beyond these limits 
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of the various clock domains. 

It is particularly advantageous for the 

transmitting/receiving unit to be a mobile station which, 
5 in particular, supports one of the standards GSM or UMTS. 

Further advantageous refinements of the device according 
to the invention are specified in the dependent claims. 

10 The invention also includes a method for controlling the 
transmission time of a continuous transmission signal in 
a transmitting/receiving unit, in particular a 
transmission signal in a radio station. An internal 
actual transmission time signal is produced in the 

15 transmitting/receiving unit, and is compared with an 
external nominal transmission time signal, which is 
derived from a received signal from the 
transmitting/receiving unit. A difference signal is 
produced from the discrepancy between the actual 

20 transmission time and the nominal transmission time. 

According to the invention, the actual transmission time 
is corrected only in the transmitting/receiving unit, in 
particular in the transmission assembly in the 

25 transmitting/receiving unit. The correction is carried 
out in such a way that the discrepancy between the two 
transmission times, as contained in the difference 
signal, is minimized, the correction is carried out 
independently of the defined clock period of the basic 

30 radio system, and the time period for the correction is 
set variably. 

This allows the transmission time of the transmission 
signal to be adjusted relatively easily and quickly, and 
35 allows synchronization of the transmission times with 
high accuracy and reliability. 
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It is particularly advantageous to set the time duration 
of the correction by the capability to vary the duration 
for which the conversion 
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ratio of a sampling rate converter unit differs from the 
normal value. 

In one particularly preferred exemplary embodiment, the 
5 discrepancy between the transmission times is minimized 
by compressing or extending the input data signal in 
time . 

In one advantageous embodiment of the method, this 
10 compression or extension of the input data signal is 
carried out by reducing or increasing the conversion 
ratio of the fractional sampling rate converter unit. 

A correction signal is preferably applied to the 
15 fractional sampling rate converter unit in order to 
change the conversion ratio such that it is set either to 
a fixed value, which is predetermined for a steady state 
of the system, or to a value which corresponds to 
extension or compression of the input data signal. 

20 

One particularly advantageous refinement is characterized 
in that the value to which the conversion ratio is 
changed, the time period for which the changed conversion 
ratio is activated, and the time at which the changed 
25 conversion ratio is activated are contained and 
transmitted as information in a single correction signal. 

s 

This means that the actual transmission time of the 
transmission signal can be matched as exactly as possible 
30 and without jitter to the nominal transmission time, and 
that the correction of the transmission signal, as well 
as the transmission spectrum of the transmission signal, 
satisfy the conditions specified by the respective 
standard. 

35 

Further advantageous refinements of the method according 
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to the invention are specified in the dependent claims. 
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One exemplary embodiment of the invention will be 
explained in more detail in the following text with 
reference to schematic drawings, in which: 

5 Figure 1 shows a block diagram of a device according to 
the invention; 

Figure 2 shows signal profiles of an input data signal 
and of an extended output data signal; and 

10 

Figure 3 shows signal profiles of an input data signal 
and of a compressed output data signal. 

A device according to the invention has a control device 

15 (Figure 1) . The control device 1 has a time control unit 
11 with a downstream comparator unit 12 which, in the 
exemplary embodiment, is a subtractor 12. Furthermore, 
the control device 1 has a control unit 13, which is 
connected downstream from the comparator unit 12. The 

20 control device 1, in particular the control unit 13, is 
electrically connected via a first input to a correction 
unit 2 which, in the exemplary embodiment, is a sampling 
rate converter unit. The sampling rate converter unit 2 
is connected via a second input to an upstream signal 

25 processing unit 3. A sampling clock source 4 is 
electrically connected to the sampling rate converter 
unit 2 at a third input. The sampling rate converter unit 
2 has an electrical connection for a downstream sequence 
control unit 5 via a first output. The sequence control 

30 unit 5 is also connected via a second input to the 
upstream sampling clock source 4 . The output of the 
sequence control unit 5 is electrically connected firstly 
to one input of the signal processing unit 3 and secondly 
to one input of a counter unit 6. The output of this 

35 counter unit 6 is electrically connected firstly to one 
input of the signal processing unit 3 and secondly to one 
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the comparator 12. The sampling rate converter unit 2 is 
followed by a D/A converter 7, whose second input is also 
connected to the 
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sampling clock source 4. Figure 1 illustrates only those 
components of a transmitter assembly in the 
transmitting/receiving unit which are significant to the 
invention . 

5 

The method of operation of the device for controlling the 
absolute transmission time of a continuous transmission 
signal will be explained in more detail in the following 
text- The time control unit 11 contains information about 

10 the nominal transmission time, which is predetermined by 
the basic system, for example UMTS or GSM. This 
information is transmitted by means of a signal to the 
transmitting/receiving unit. The time control unit 11 
produces a periodic start signal, the nominal 

15 transmission time signal 101, which is applied to the 
subtractor 12. The period duration of the nominal 
transmission time signal 101 is in this case 
predetermined by the appropriate mobile radio system, for 
example UMTS or GSM. The sampling clock source 4 

20 furthermore produces a sampling clock signal 301. The 
sampling clock should be regarded as the clock frequency 
at which a digital/analog (D/A) converter, in this case 
the D/A converter 7, is operated, or would have to be 
operated at in order to convert a signal from the digital 

25 domain to the analog domain. 

This sampling clock signal 301 is applied to the sequence 
control unit 5. The sequence control unit 5 uses the 
sampling clock signal 301 and a control signal 201 that 

30 is produced by the sampling rate converter unit 2 to 
produce a working clock signal 202. The working clock is 
the clock used by the registers in the digital 
assemblies. The sampling clock is an undefined fractional 
ratio of the working clock, which is used as the basis 

35 for the signal processing unit 3. The working clock 
signal 202 is transmitted both to the signal processing 
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to the counter unit 6. The 
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counter unit 6 counts the working clock cycles contained 
in the working clock signal 202, for example by counting 
the edges of the working clock signal 202, and uses this 
to generate an actual transmission time signal 203. The 
actual transmission time signal 203 is a periodically 
recurring 
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signal, which is generated by the counter unit 6 whenever 
a new transmission frame starts. This actual transmission 
time signal 203 is applied to one input of the comparator 
12 and to one input of the signal processing unit 3. 

5 

The working clock is produced by the sequence control 
unit 5 in such a way that the signal processing unit 3 
produces sample values, to be precise exactly at the 
required input-side sampling rate of the sampling rate 
10 converter unit 2. The sample values are transmitted to 
the sampling rate converter unit 2 with the aid of the 
data signal 204. 

The subtractor 12 uses the transmission time signals 101 
15 and 203 which are applied to its inputs to determine a 
time difference, which corresponds to the discrepancy 
between the actual transmission time and the nominal 
transmission time. This discrepancy is included as 
information in a difference signal 102 which is 
20 transmitted to the control unit 13. The difference signal 
102 may be transmitted to the control unit 13 on the one 
hand by regular checking of the comparator 12 by" the 
control unit 13. On the other hand, it may also be 
carried out by the control unit 13 triggering an 
25 interrupt request. 

The magnitude of the discrepancy between the transmission 
times and the speed at which the discrepancy is changing 
are determined in the control unit 13 from the data 

30 information in the difference signal 102. The control 
unit 13 uses this information to produce a correction 
signal 103. The correction signal 103 contains 
information about the value to which a sampling rate 
ratio of the sampling rate converter unit 2 is changed, 

35 as well as the time period for which this changed 
sampling rate ratio is activated, and the time at which 
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started. The expression sampling rate ratio means the 
conversion ratio of the fractional sampling rate 
converter unit 2, which is defined by the 
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ratio of the output sampling rate to the input sampling 
rate. This correction is used to minimize the discrepancy 
between the two transmission times. The correction is in 
this case carried out independently of the defined clock 
5 duration of the basic radio system, for example UMTS or 
DSM, and independently of the receiver assembly the 
correction is in this case carried out exclusively in the 
transmitter assembly in the mobile station, independently 
of the defined time duration for the basic radio system, 

10 for example, UMTS or GSM, and independently of the 
receiver assembly in the mobile station. The rate at 
which the correction is carried out is set variably, with 
the rate being set as a function of the value of the 
sampling rate ratio and of the time duration of the 

15 activated state in which this ratio is activated. 

The correction signal 103 is transmitted from the control 
unit 13 to the sampling rate converter unit 2. The 
correction signal 103 is in this case transmitted from a 

20 clock domain of the transmitter assembly in the mobile 
station, in the bus clock domain (which is characterized 
by the control device 1 and is clocked with a clock 
duration which is predetermined by the time control unit 
11) to a second clock domain in the transmitter assembly, 

25 the digital hardware clock domain. The control unit 13 
thus predetermines the time at which the sampling rate 
converter unit 2 is driven. 

The correction signal 103 is evaluated in the sampling 
30 rate converter unit 2, and the sampling rate converter 
unit 2 produces the clock control signal 201, which is 
used as the control signal for internal sequence control, 
as a function of the changed sampling rate ratio or 
conversion ratio. The digital hardware clock domain has a 
35 clock which ^ is different, and is in general not 
synchronized to the clock for the bus clock domain. 
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The sampling rate ratio or conversion ratio of the 
sampling rate converter unit 2 has a permanently set 
ratio when it is in the steady state, during which no 
correction is carried out for the time discrepancy 
between the transmission times. 
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If the sampling rate ratio is increased, then fewer data 
items are read in each time unit at the defined sampling 
clock rate. This means that the input data signal 204 
which is transmitted from the signal processing unit 3 to 
5 the sampling rate converter unit 2 is extended, and that 
subsequent signal components of the input data signal 204 
are shifted backwards in time. During production of the 
input data signal 204, the mean edge frequency of the 
working clock signal 202 is an integer multiple of the 

10 mean data rate of the input data signal 204. The clocked 
output data signal 302 from the sampling rate converter 
unit 2 is thus extended in comparison to the input data 
signal 204. In this case, in general, the input data 
signal 204 is clocked differently than the output data 

15 signal 302. The output data signal 302 is processed 
further in a third clock domain, the D/A converter clock 
domain in the mobile station, which in general uses a 
different clock than the bus and digital hardware clock 
domains . 

20 

When the sampling ratio is reduced, the output data 
signal 302 is compressed in comparison to the input data 
signal 204, and subsequent signal components are shifted 
forwards in time. 

25 

The changed sampling rate ratio remains activated until 
the discrepancy between the transmission times falls 
below a defined threshold value. Once this has been 
achieved, the correction signal 103 is deactivated, and 
30 the sampling ratio is once again permanently set to the 
value defined for the steady state. 

The digital clocked output data signal 302 is transmitted 
to the D/A converter unit 7, which produces an analog 
35 continuous transmission signal 303 at the non-varying 
sampling clock rate 301. The phase angle of this 
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continuous analog transmission signal 303 matches the 
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phase angle predetermined by the nominal transmission 
time signal 101, with the phase angles of the two signals 
having at most a discrepancy which is within a defined 
tolerance band. This therefore also results in 
5 appropriate correction of the actual transmission time in 
comparison to the nominal transmission time as a 
reference time. 

The maximum permissible discrepancy between the actual 
10 transmission time and the nominal transmission time of 
the transmission signal can thus be set very accurately 
by the device and the method. The remaining error is in 
this case generally dependent on the frequency at which 
the comparator 12 is checked by the control unit 13, and 
15 how the sampling rate converter unit 2 is driven by the 
control unit 13 by means of the correction signal 103. 

The compression or extension of the input data signal 204 
by the sampling rate converter unit 2 is carried out in 
20 such a way that no information is lost from or added to 
the input data signal 204. 

It is possible for the actual transmission time signal 
203 to contain, as information, the count of the counter 
25 unit 6 as the actual transmission time. 

It is also possible to provide for the counter unit 6 to 
be periodically reset, and to be reset with the period 
duration of the nominal transmission time signal 101 when 
30 the mobile station is in the steady state. 

Figure 2 shows an example of a signal profile of the 

input data signal 204. The time discrepancy between the 

actual transmission time with the time reference T ne w and 

35 the nominal transmission time with the time reference T 0 i d 
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The sampling rate ratio is increased, as a result of 
which the input data signal 204 is changed in a 
corresponding manner, and the output data signal 302 has 
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an extended profile. As illustrated in the lower signal 
profile in Figure 2, the subsequent signal components are 
shifted backwards in time. 

5 Figure 3 likewise shows an example of a signal profile of 
an input data signal 204 with the reference symbol for 
the time discrepancy T dif f, corresponding to that shown in 
Figure 2, and with the time references T 0 i d , T new of the 
transmission times. In this exemplary embodiment, the 
10 sampling rate ratio has been reduced, so that the input 
data signal 204 has been changed in a corresponding 
manner, and the output data signal 302 has a compressed 
signal profile. The subsequent signal components are 
shifted forwards in time. 

15 

The device according to the invention and the method make 
it possible to easily set a transmission time for a 
continuous transmission signal. The correction for any 
discrepancy between the actual transmission time and the 

20 nominal transmission time is carried out only in the 
transmission assembly in the mobile station, and is set 
with high accuracy and reliability over a number of clock 
domains within the transmission assembly. The correction 
is carried out independently of the system clock and of 

25 the rate at which the discrepancy is changing, with the 
discrepancy between the transmission times being 
determined by a comparator unit, in particular a 
comparator 12, and the correction unit which is used for 
correction, in particular the sampling rate converter 

30 unit 2, being controlled by the control unit 13. The 
correction is carried out in conjunction with the counter 
unit 6 and with the sequence control unit 5, in 
accordance with the requirements specified by the 
respective standard, for example UMTS or GSM. 


35 


